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Abstract

The purpose of this research was to propose a MIS to assist RAAF
strategic operational airlift planning. The present manual approach suffers
deficiencies in flexibility, consistency and timeliness.

Airlift planning was first analysed and found to compl.se activities
of investigation, detailed static planning, implementation and dynamic
planning, and review. Planning performance is measured by the effectiveness
and efficiency of resulting airlift.

Automation of planning functicns was investigated, especially the
routing and scheduling of airlift. USAF systems, including ADANS, were
reviewed and applicability to the RAAF evaluated.

A MIS is proposed tha. includes six development increments. It is
expected to bring improvements in airlift effectivehess and efficiency
through improved data management, better communications and improved

decision support.




IMPROVING ROYAL AUSTRALIAN ATR FORCE STRATEGIC AIRLTFT PIANNING BY
APPIICATTON OF A COMPUTER BASED MANAGEMENT INFORMATION SYSTEM

I. Introduction

Querview
This chapter defines the purpose and constraints of this study and
summarises the layout of the research. Terms and abbreviations used

within this study are defined in Appendix A.

Motivation

The message for the 1990's is unmistakable - the performance of

the defence portfolioc will increasingly be measured against the

larger economic and social goals of Australia. Greater efficiency

and effectiveness will rightly be expected from all areas of the

organisation.

- Senator Robert Ray, Minister for Defence (Funnell, 1990:1)

This study examines a proposal to improve Royal Australian Air
Force (RAAF) strategic airlift planning by application of a. computer
based management information system (MIS). This application is expected
to result in more timely production of airlift plans that are flexible,
reactive, reliable and in a form able to be implemented at short notice.

Presently, RAAF strategic airlift planning is performed manually.
Recent exercises and contingencies have revealed shortcomings with this
approach as each operation required extensive, yet repetitive, data
gathering and assimilation. Planning is slow to react and lacks
flexibility to adapt to its changing enviromment (Air Lift Group,
1989:A-1A; Peak, 1990a:17 August; Newcombe, 1990:26 September).

Deficiencies in planning have resulted in ineffective or

inefficient application of strategic airlift. Where effective, good
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airlift has been largely due to good management of a limited system and
not from a well designed system (Newcombe, 1990:26 September).

Application of a MIS to strategic airlift planning will move the
ADF closer to a "redundant system that ensures information flow between
commanders and their battle forces. Without that system, wastage of
airlift can be assumed" (Cassidy, 1986:127). It should provide the
timely support required to make more effective and efficient decisions
in the airlift enviromment. Airlift planning reactiveness could
improve, allowing commanders more flexibility in the application of
airlift to meet operation cobjectives.

Concurrently, a MIS would provide recording of activities, making
data concerning resources, capabilities and capacities more available to
the planner. Additicnally, actions, achievements and shortfalls would
be consistently measured and reviewed. Greater scope for economy and

accuracy of effort would result (Mitchell, 1991).

Computers and Decision Making

A computer can not make decisions. All it can do is retrieve,
compute and present. VYet, it has potential to impact upon decision
making processes by forcing managers to make true decisions in lieu of
on-the-spot adaptions. It can "force managers, who have traditionally
reacted rather than acted, into genuine decision makers" (Drucker,
1967:159) .

The advent of computers has sparked interest in decision making in
organisations. This has not been because computers take over decision

making but because they take over computation and presentation, forcing
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people at all levels of organisations to focus more on learning to be
managers and on the making of effective decisions (Drucker, 1966:165).

Management Information Systems (MIS)

An individual without information cannot take responsibility:;

an indiyiqugl with information cannot help but take

responsibility.

- Jan Carlzon, Scandinavian Air Systems (Peters, 1987:609).

Computer based MISs are "integrated human and machine systems for
providing information to support operations, management and decision
making in an organisation." A MIS goes beyond being a data repository.
MIS systems must seek timely ways to assist decision makers of an
organisation in the making of their decisions (Ahituv and Neumann,
1990:129; Davis, M., 1988:4-5; Cook and Russell, 1989:699).

The requirement that a MIS directly supports decision making
processes is important to this research. While computer systems have
been employed to produce airlift planning documentation in the
Australian Defence Force (ADF), there has been little application of
computer based information to assist in the decision ﬁaking process of
the airlift planner. Though the production and reproduction of results
of planning is important, a MIS to support strategic airlift planning
should be primarily involved in assisting decision making (Peak,
1990a:23 August; Mitchell, 1991).

Decisions can be categorised, according to Simon's classification
of decisions, as structured, unstructured and partially structured. The
distinction between completely structured and unstructured decisions is
based on certainty of action, though in reality all decisions fall

within a continuum bounded by the structured and unstructured types. A

MIS assists users in all categories of decisions through two types of

1-3




logical components; a structured decision system and a decision support
system (Ahituv and Neumann, 1990:129).

Any MIS, to support the strategic airlift planner, would be
expected to make structured decisions based on an algorithm and data.
This frees the airlift planner to consider more unstructured and complex
decisions. With these decisions, a MIS would apply heuristic methods
and models to represent the decision envirorment. Through
recommendations and evaluation of options, it would support the airlift
planner in making the best choice in the required time frame with the

available data.

Purpose of Study

This study analyses how a computer based MIS can improve RAAF

strategic airlift planning.

Investigative Questions
The following questions were investigated during this study:

1. what constitutes the planning function of strategic airlift?
2. what factors affect strategic airlift planning?
3. What are the indicators that allow airlift planning effort to be

evaluated and how are they measured?

4. How is strategic airlift planned by the RAAF?

5. How is strategic airlift plamned by other defence forces?

5. Are there ways of automating problems of routing and scheduling?
7. What systems development methodology should be used to design the

MIS?

:
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3. How would a RAAF computer based strategic airlift planning system

operate?

Scope and Limitations
This paper aims to establish that a computer based MIS to support

RAAF strategic airlift planning is both feasible and advantageous. A
MIS is proposed after study of existing approaches. Development of the
system is not intended during this research effort. This would be
premature as the RAAF has no plans to implement such a system.

However, some development is required to validate claims. A high
level design is used for overall testing. Where critical system
concepts demand more rigorous validation, there is detailed design and
prototype development.

Though there are no firm plans to implement a strategic airlift
planning MIS, the sponsor of this research, the Deputy Director of
Movements and Transport, advises that such cormitment is likely "in the
near future" (Peak 1990a:17 May). Consequently, he has requested that
any development effort be in a form useful to the RAAF should it make a
commitment to implement a strategic airlift planning MIS.

This implementation stance has affected this research. The
likelihood of implementation has encouraged effort to be directed
towards areas that have immediate and direct application, instead of
precise but theoretical models. All the same, lack of commitment
reduces usefulness of research of implementation issues. Therefore,
implementation issues are discussed, with less detail than required for

actual implementation, after the primary research.




With sponsor concurrence, wider organisational issues, such as
power and politics, are not addressed. Though these issues form part of
normal MIS design, this choice bounds the research. It also avoids
undermining principal findings of this research by involving readers in
emotionally charged issues such as influence, referent and coercive
power and organisational manoceuvre.

This thesis is unclassified. While security restrictions caused
few problems for the bulk of the research, complications arose during
quantification of the RAAF system, research of procedures of other
countries and the testing of the proposed system for airlift planning.
Because actual airlift data is classified, data had to be reviewed to
declassify data concerning capabilities and events. While endeavouring
to maintain consistency in size, scope and application of data, this
filtering process could open the findings and comparisons betvween

proposed and actual performance to bias. This is unavoidable.

Assumptions
It is assumed that the ADF scenario will not significantly depart

from strategies of defence in depth, self-reliance and the defence of
the north of Australia.

Further, it is assumed that ADF exercise scenarios and activities
are reasonable representations of the demands that would be placed upon
an airlift planning system in times of contingency and emergency.

Given these assumptions, ADF exercise data can be used for system

validation and design.
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Organisation of Study
This study is presented in eight major sections. Chapter I

introduces the research by outlining the reason for this study. Chapter
II gives background to Australia's defence system, the air mode of
transport, airlift and strategic airlift planning. The methodology used
for research is described in Chapter III. Chapter IV examines airlift
planning by reviewing how it is planned by the ADF and the military of
other countries, and examines those factors that influence and measure
airlift planning effort.

A MIS development methodology is expounded in Chapter V and then
applied to propose a MIS for use in RAAF airlift planning. The effect
of this system on RAAF strategic airlift planning is also analysed.

Validation of claims occurs at Chapter VI, with the proposed
system and a prototype used as test beds for verifying feasibility and
improvement. Chapter VII considers implementation issues as an adjunct
to the study. The conclusions and recommendations which result from

this study are detailed in Chapter VIII.
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II.  Background Discussion

Overview

This chapter investigates the factors which affect strategic
airlift planning. It provides background to airlift in the ADF and an
overview of the strategic airlift planning process.

After introducing the ADF, the chapter describes strategic
airlift, the role of airlift within the ADF and the responsibility of
the RAAF to conduct strategic airlift operations. The chapter then
introduces strategic planning by discussing the principles of airlift

planning and the factors involved in the planning process.

The Australian Defence Force and the Defence of Australia

Australia is a large resource rich island nation surrounded by
extensive oceans (Dibb, 1990:16). Natural barriers and a stable region
make it one of the most secure countries in the world. Its population,
approaching 17 million, is concentrated in the southeast, leaving much
of the country's 7.68 million square kilometres sparsely populated.

However, "it would not be prudent to assume that Australia will
always be able to conduct its affairs without challenge" (Dibb, 1986:1).
So, the Australian people have charged the Goverrment with the
responsibility of providing the requisite power to defend itself from
attack and "from the constraints on independent national decisions
imposed by the threat of attack" (Department of Defence, 1989:ix).

The ADF has the objective of planning, developing and maintaining
forces for contingencies within Australia's area of direct military

interest (Department of Defence, 1988a:1). Currently at about 70 300,
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the ADF is small considering its land coverage and responsibilities.
Operationally, it is comprised of a Headquarters, Navy, Army and Air
Force. The full time all volunteer force is supplemented by a reserve
force numbering 39 800 (Department of Defence, 1989:6,8).

A 1987 Government White Paper established a blueprint for future
ADF planning. The paper identified the expected levels of conflict that
the ADF could ke involved over the next ten years and set a requirement
for "the force-in-being to be able to meet low level contingencies ...
and be able to expand in a timely fashion against the prospect of a more
substantial threat emerging" (Dibb, 1990:16).

Additionally, the defence review provided the ADF with the
priority of an independent capability to defend Australia through
skilled application of technology that multiplies force capability.
Meeting this requirement also provides the Govermment with practical
options to use elements of the ADF in peacetime tasks in support of its
pecple, regional friends and allies.

In line with the review, the ADF has adopted a strategy of
defence~in—depth. This concept recuires the capability to conduct
operations including: surveillance and patrolling throughout Australia's
lmmediate maritime approaches, maritime strike and air defence to
intercept adversaries during their vulnerable transit phase, and mobile
rapid ground force reaction to defeat hostile incursions at remote
locations and protect civil and military infrastructure (Dibb, 1990:17).

Self-reliance and operations of forward patrol and strike have
placed greater emphasis on the logistic support of deployed forces.

Part of this logistic support is the timely transport of a force and its

s o gt



maintenance requirements from normal locations to locations required for

operations.

Movement Support of the ADF

"In peacetime, the movement requirements of the ADF are ... small
and encompass regqular movement of personnel and materiel for routine
support within Australia and overseas" (Department of Defence,
1988b:10). Yet, in times of operations, major defence exercises or
national emergency, the large scale movement of persbnnel and materiel
extends transport resources.

There are five modes of transport available to move personnel and
materiel: air, water (sea and inland), road, rail and pipeline
(Department of Defence, 1988b:31-32). Though the movement of a force is
collectively managed at a centralised and high level, responsibility for
modal transport is usually delegated to a single service to manage.

A strategy of deterrence through forward defence requires a rapid
deployment capability. For deterrence to be effective, Australia rust
be capable, and seen as being capable, of responding promptly to
aggression. A creditable deterrent hinges on the ability to deliver
forces rapidly to trouble spots and sustain them once employéd. The air
mode's advantage of timeliness makes it critical to Australia's
deterrence stance.

Purther, "ground forces are being prepared to meet contingencies
at lower levels, which are more creditable and have shorter warning
time" (Dibb, 1986:55). At this level and given Australia's geography,
opposing forces would be expected to swarm dispersed elements, strike

and then scatter (Skorupa, 1989:43). Surface lines of communication




e o g

would be subject to sudden and unpredictable attack. To compensate,
airlift would be the primary means of reliable resupply. History shows
that "airlift is the only means of sustainment for ground forces whose

whole lines of communications are temporarily cut" (Cassidy, 1986:124).

Strategic Airlift
ADF responsibility for strategic airlift is vested in the RAAF

(Department of Defence, 1985:14-1). Strategic airlift is the movement,
by air, of perscnnel and stores from a sﬁpport area to an area of
operations (AO), between AOs or to ancther support area. Its
application is directly supported by six of Australia's principles of
warfare: offensive action, surprise, concentration of force, economy of
effort, flexibility and administration (Royal Australian Air Force,
1990:65,158) .

Airlift enhances a battlefield commander's concentration of power
against what "Clausewitz called an enemy's centre of gravity - the focal
point against which all military energies should be expended" (Cassidy,
1986:124). It provides advantages of flexibility, swiftness of
application, ubiquity, range and political responsiveness. Air assets
can be quickly and effectively diverted between ﬁasks and can be
employed in different roles with minimm difficulty. Through its
characteristic of speed, strategic airlift is ideally suited to
demonstrate a nation's political intent by immediate action or
capability to act. The speed and endurance of modern strategic
transport aircraft allow airlift to cover long distances without

constraints of physical barriers (Royal Australian Air Force, 1990:156).




Limitations of airlift include cost, dependence on air bases and
impermanent effect. The cost of airlift flight time is high, aircraft
numbers are limited, aircrew cannot remain on duty indefinitely and the
effectiveness of airlift is lost if there is insufficient infrastructure
to support aircraft. "Consequently, the system of preparing, ordering,
loading, and unlcoading of people and cargo must be designed for
flexibility, smooth cperation and simplicity" (Rocyal Australian Air
Force, 1990:157).

RAAF Airlift Resources

Through its Air Lift Group (ALG), the RAAF operates two large
capacity strategic airlift aircraft, the Boeing B707 and the Lockheed
C130. Both aircraft types are based at RAAF Base Richmond, New South
Wales. The RAAF operates six multiple configuration B707s. The RAAF's
24 C130s include equal numbers of "E" and "H" models. Though the C130
models have different roles and characteristics, tﬁey share
responsibility for strategic airlift.

ALG alsoc manages the direct airlift support needs of the ADF,
including crewing, loading and turnaround of aircraft. It calls on
other agencies of the RAAF and ADF to provide airlift support through
extended aircraft overhaul, air traffic control, catering for airlift,
airfield security and general logistics support.

Besides providing airlift though its own aircraft and
infrastructure, the RAAF relies strongly on civil sources of aircraft
and capability. Despite restrictions of cost, control and safety, the
Australian Government has encouraged the use of civil airlift to

supplement the strategic lift capability of the ADF. Importantly, the




application of airlift resources is subject to the same planning
processes whether military or civil sourced.

Civil airlift can be acquired by "buying space on reqular services
{usually seats], chartering an aircraft for a specific time or task, cr
enacting legislation to direct a service to be provided" (Department of

Defence, 1983b:35).

Airlift Planning 4

The RAAF is responsible for planning and controlling aspects that
forn part of an airlift system. The importance of planning airlift is
evident in the advantages that effective airlift provides. The
linitations demand exactness in planning and accountability of action.

The speed of airlitt and its reactiveness, compress the time
available to plan its effective and efficient use. Effectively linkina
the iisparate requirements of precision and timeliness 1s the ain of
airlirt planning systems. Airlirft planners are constantly seeking ways
te improve the marriage of these inconsonant bedfellows.

Principles of Airlift Planning
(Department of Defence, 1988b:10-11)

There are four interdependent principles of movement that can ke

appllied to airlift planning. These include:

1. Movement manadement must be centralised at the highest level.
2. Movement must be regulated.

3. flovement nust be fluid and flexible.

4. The maximum utilisation must be made of carrying capacity.

Centrallisation optimises the use of scarce resources by allowing
the massing of resources and directing resources to the tasks with the

highest priorities across the ADF. Regulation of movement avoids
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congestion in the airlift system, and achieves an even and reliable
flow.

Applying regulation and flexibility to planning allows demands cof
special urgency to be met with certainty. Additionally, flexibility
provides for breakdowns and unplannecd surges in demand. By eliminating
congestion points and spreading tasking evenly, sufficient reserve can
be provided in resource and network capacity to meet these unexpected
arisings. Yet, unnecessary or excessive non-committal of resources rust
re avoided as plamners should strive to maximise the utilisation of
carrylng capacity.

Factors in Airlift Planning (Peak, 1990a:1l4 March)

Of the transport nmodes, airlift requires consideration of the nost
factors. Factors can be grouped according to their sourcing into
ccrmitment and rescurce.

Cormitment Factors

Cormitment factors are peculiar Lo that which is to ke moved,
usually termed the bill. These include:
L. size and characteristics,

departure and destinaticn requirements,

[\)

the order of march,

(8¥)

4. integrity requirements,
3. novement availability windows, and
6. notice of requirements.

Size and Characteristics. The size of the force to move atffects

the airlift planning effort. Additionally, the composition of the force

and its objectives affects the priority and hence resources it receives.
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Departure and Destination Requirements. Varying according to the
characteristics and scope of the operation, the number of departure and

entry points (POD and POE) range from one to many of each, though
numbers rarely exceed about ten destination points and 20 departure
points. Though the definition of PODs and POEs would normally follow
from a force commander's requirements, their impact on the capability of
airlift is significant enough for them to often influence the higher
scenario for operations.

Order of March. The order of march is "the order in which forces

deploy to, within, or redeploy from, an area of operations' (Department
of Defence, 1988b:14). The order usually specifies the unit component, i
POD, POE and movement window. The crdering of movement usually
restricts the flexibility available to the airlift planner in maximising
utilisation. A force commander defines the order of march in
conjunction with his executive movement planning staff. Each modal
planner usually receives the order of march for components of the force
assigned to each mode for transport. While the airlift planner aims to
meet the air mode order of march, higher level movement planning staff
must ensure that the cumulative modal planning effort meets the total
order of march.

Inteqrity Requiremeénts. For reasons of engagement soon after
arrival, administrative control or shortages of support equipment, the
consolidated movement of some groups within the order of march is often
enforced. Though this approach is supported by normal airlift planning
principles, some restrictions on the maximisation of utilisation result.

Movement Availability Windows. Part of the order of march

statement for each component of a force is a definition of the period
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from when the component is first available to move and when it must have
noved by. The grouping of sub-units around time periods, the
relationship between advance and main body movements, the width of
acceptable movement windows, overall movement period and the impact of
movement decisions of one group on other windows are aspects of the
movement time requirements that affect airlift planning.

NMotice of Reguirements. Changes in scenarios and arisings during

operations often dictate changes in a force commander's movement
requirements and priorities. As air is usually the most responsive
node, regquirements are often presented to the airlift planner with
little notice and requiring near-immediate decisions.

Resource Factors (Department of Defence, 1933b:31)

Resource factors include:

1. airframe availability,

ro

crew availability,

s, crew endurance,

“. flyinq time,

5. payload availability,
6. supporting services,

aerodrome restrictions, and

~1
.

environmental considerations.

[e3]

Airframe Avajlability. The small fleet size and specialist
confiqurations of some airframes, especially B707s, forces the airlift
planner to consider airframe disposition. To meet. concurrent
requirements by multiple planning agencies, planners are often allocated

a maximum number of airframes of each type.




Crew Availability. ALG aircrew numbers, though adequate, demand

planning to ensure there are sufficient crews to meet tasking. Aircrew
are qualified to airframe type and model. So, though airframes may be
available, qualified crews may be unavailable to perform the task, while
other aircrew are idle. Same tasks redquire special qualifications of
crew members which restricts the planner's flexibility in dovetailing
tasks, especially when changing tasking already under way.

Crew Endurance. Australian aviation safety requlations dictate

that the duration of crew tasking be strictly limited and include
minimum rest periods between tasking. Increases in availability can be
gained by application of augmented and slip crews.

Flying Time. Resources available to the RAAF airlift planner have
traditionally been defined in units of hours of each aircraft type.
Hours committed to a task is a factor of distance between way points,
alrcraft cruise speed, énd task type. Though allocating resources by
type restricts the freedom of the planner to make the best economic
decision, it has been adopted as a convenient and simple way to bound
resources available and reduce over-commitment of airframes and crews.

Payload Availability. The payload availability of an aircraft on
a task is critical in allocating enough resources to meet requirements
and maximising utilisation. It is a factor of aircraft type (including
maximm weight, door limits, floor limits and éeating limits),
individual airframe characteristics, flight time, fuel reserve
requirements per leg, loading equipment and task restrictions such as
over water flights and landing weight maximums.

Supporting Services. On-ground restrictions on airlift are often

overlooked. They include refuelling, maintenance, and loading



considerations. Refuelling capability addresses correct type and systen
and sufficient volume for the numbers and types of planned aircraft.
Scheduled maintenance is usually done at a dedicated site and requires
planning to avoid congestion of airframes at facilities. Loading
facilities at departure and destination airfields restrict the type and
weight of payload and the turnaround time for aircraft.

Aerodrome Restrictions. Because of aerocdrome location,
construction, facilities and primary role, aerodrome management often
Impose limits on airfield use. Restrictions in landing and take off
weilght and numbers are used to minimise damage to runways, while hours
of operation restrictions apply where night facilities are not available
or primary operations may restrict military operations. Taxiway and
parking limits restrict the numbers and types of aircraft allowed on
grourd at any or defined times. Payload type restrictions may limit the
carriage of dangerous cargo or uncleared passengers to or from an
airfield.

Envirormental Considerations. Despite considerable advances in
capability of aircraft, weather still affects airfield availability and
transit times. Theatre and tactical air supremacy or parity are also

considerations in the planning of airlift.

Sumnary

Airlift is at the heart of Australia's strategy of defence in
depth. It provides the essential mobility to project military power
from remote areas. It enhances combat power by allowing a degree of

manceuvre otherwise impossible in many areas of Australia, where

difficult topography severely hampers surface transport.
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Such mobility, achieved by very limited resources, demands expert
control. Detailed plamning is required to derive the mix of resources

that will meet requirements and satisfy restrictions.
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III. Research Methodology

overview

The primary goal of this study is to determine how computer based
information management can be applied to improve strategic airlift
planning. This goal was achieved by first investigating airlift
planning approaches and algorithms to solve complex routing and
scheduling problems. A MIS was then designed to assist airlift
planning, based on a methodology developed through research.

This system was compared with the current RAAF planning process by
analysing the performance of both with similar data and requirements.
This comparison formed the basis of a discussion of results, issues,
recommendations and conclusions.

The findings of this study are intended for direct application by
the RAAF. Therefore, important goals of this study wére that any
proposed system be based on recent RAAF airlift scenarios and any
claimed system advantages be substantiated. Additionally, it was
beneficial that any proposed system be easily implemented and any
systems development effort conducted in this study be useful in the
development of a system for the RAAF.

After recognising a preliminary analysis, this chapter presents a
discussion of the phases of the research. Research methods applied for
each phase are examined by looking at issues of administration,
selection, development and interpretation. The second section provides
more detailed discussion of the sources of information used in this

research.
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Preliminary Analysis
Critical to this study was a finding that the present system

suffered sufficient deficiencies to warrant consideration of change.
Though personal experience of the author and sponsor suggested that
deficiencies certainly existed, the criticality of this premise demanded
that a pilot study be conducted before embarking on the main research.

Low level electronic storage of airlift planning data was
introduced during an ADF exercise. Though only a crude data management
system, this approach produced benefits and suggested that scope for
ruch greater improvement existed through automation.

Lastly, informal discussions were conducted with personnel
involved in the exercise. Despite some reservations concerning design
issues such as security, control, access and management, all agreed that
automation of airlift planning would "certainly improve the way we do
business and raise our level of service tov our customers" (Thomson,
1990) .

Executive management endorsement of this study occurred in
February 1990, allowing data collection whilst in Australia and approval

of visits to other countries.

Specific Methodoloqy
The research was conducted in seven phases:

1. The investigation of airlift planning concepts and systems.
2. The selection of a systems development methodology.

3. The development of a proposed system.
4. The testing of the system.
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5. The demonstration of variation in planning capability between the
present and proposed systems.

6. An overview of the likely implementation issues; and

7. The making of conclusions and recommendations.

Phase One: Investigation

In the first phase of research, the airlift planning process was

analysed through the following investigative questions:

1. What constitutes the planning function of strategic airlift?
2. What factors affect strategic airlift planning?
3. What are the indicators that allow airlift planning effort to be

evaluated and how are they measured?
. How is strategic airlift planned by the RAAF?
5. How is strategic airlift planned by other defence forces?

G. Are there ways of automating problems of routing and scheduling?

-Questions 1-2: What constitutes the planning function of strategic

airlift and what factors affect it?

For the Chapter II discussion, ADF literature addressed what
comprised the RAAF strategic airlift planning function and which general
factors affected airlift and hence its planning effort. Literature was
reinforced by opinions of ADF personnel.

Question 3: What are the imdicators that allow airlift planning

effort to be evaluated and how are they measured?

Defense Technical Information Center (DTIC) sources were searched
for studies of airlift capability assessment and measurement. Several
studies were found that attempted to apply force capability delivered as

a measurement. Dialog Information Services (DIALOG) sourced indicators
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used by civil operators, but these were not found applicable, given the
different operating motives.

ADF literature provided the broad measures of effort. Interviews
with ADF personnel and 26 survey questions sought greater clarification
of quantifiable measures. Planning staff at Headquarters Military
Airlift Command (MAC) clarified the different methods used by the United
States Alr Force (USAF).

Question 4: How is strategic airlift planned by the RAAF?

ADF publications provided the division of responsibilities for
airlift within the ADF and definitions of terminology. Reviews of
recent and indicative airlift activities provided the data required for
analysis of the quantities and capacities.

Initial research confirmed the author's awareness that planning of
airlift in the ADF is largely an undefined function. Consequently, the
greatest source of information was from the views of those personnel
responsible for airlift planning over the last five years.

Information was obtained from 19 ADF personnel by interview and
survey. Opinions were sought on what factors affected airlift planning
and to what degree, what constituted good airlift planning, the
effectiveness of planning efforts, and the potential for computer based
information support. Deficiencies in the present system were also
targeted. ADF exercise data provided quantification of the present
Systems capabilities and problems.

Question 5. How is strategic airlift planned by other defence

forces?

The world is full of organisations that plan airlift.

Unfortunately, time restricts this research to only one or two that
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offer the most insight into airlift planning for the ADF. The United
States military was investigated because it employs sophisticated
automated airlift planning systems. The Canadian National Defence Force
(CNDF)} was studied because of similarities in size, airlift resources
and planning approach to the ADF.

The USAF plan airlift with assistance of computer systems. During
the research period, MAC provided airlift management for Operation
Desert Shield/Storm, a multi-nation contingency. - This provided an
excellent opportunity to evaluate recently introduced systems. Personal ‘
interviews at MAC, after the main airlift phase had been completed,
gained assessments of the performance and usefulness of systems.
Interviews were conducted with planners, systems designers and
peripheral "players". Hands on access to systems under consideration
and access to system documentation provided extra information.

Small scale airlift planning systems used by the USAF and United
States Army were also investigated. Systems, were targeted in searchies
through DIALOG and DTIC. Where systems appeared promising, sample
copies of software were obtained through the Air Force Logistics
Management Center at Gunter Air Force Base.

The CNDF relies on manual planning of airlift (Peverley, 1990). A
course, offered by the CNDF in April 1990, provided insight into
Canadian airlift planning practices. Personal interview with teaching
staff from that course provided additional infofmation.

Question 6. Are there ways of autamating problems of routing and

schedul ing?

For the Chapter IV discussion, UI'iC located previous research

concerning routing and scheduling of airlift, principally for the United
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States military. AFIT staff directed pure research into classical
routing and scheduling problems, their time and space complexity and
their algorithmic solution.
DIALOG produced International Aerospace abstracts of applied
research concerning the routing and scheduling of commercial cargo and
passenger aircraft. Upon advice from AFIT staff, this search was :
expanded to include operations research studies in other areas. |

Phase Two: Selection of Systems Develocpment Methodoliogy

R SIN

In Chapter V, a systems development methodology was selected after
reviewing literature concerning systems development activities and
traditional methods and tools. Information on recent trends and tools
was found in journals and periodicals, bridging the gap between pure and
applied discussion of methods and results.

Aspects of the strategic airlift planning enviromment impacting
the choice of a systems development methodology were deduced from the
literature and through interview with AFIT specialists. Assessment of
impact required measuring of the sige, complexity and frequency of those
aspects through the analysis of exercise data and post exercise reports
and ADF personnel by interview and quantitative responses to a survey.

The aim that the development effort be useful to future RAAF
efforts affected choice»oﬁ design methods. It encouraged selection of
proven tools, techniques and platforms that were supported by reliable
vendors. Expectations of longevity of vendors and their products was
also considered. Industry journals and newspaper articles were used to
gauge strength of products and vendors.

Preference was given £o analysis and design techniques and tools

that were in use in the ADF. RAAF automated systems policy makers are
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encouraging use of standard approaches to systems development. They
consider that this is likely to reduce effort expended in transfering
results between systems (Tyrrell, 1991). ADF staff provided an
indicative list of the types of products in use in the ADF.

Database relation and element definitions were maintained in a
design database. This allows ready transfer of data between systems and
techniques should this be required after the study. Additionally, this
activity provided the author with hands on exposure to selected software
and made data definition maintenance more manageable.

Phase Three: Development of System

Having developed a methodology, phase three involved its
application to the design of a MIS system for airlift planning. System
requirements and performance minimums, deduced from findings of the
investigative phase, were endorsed by the sponsor of the research and by
other ADF personnel.

Development included three components; overall configuration
design, definition of primary system components and development of a
prototype of phase cne of the system.

Configuration design was supported by literature recommended by
AFIT specialists. Rigorous explanation and evaluation of concepts was
provided by texts, while articles addressed issues of connectivity,
developments and performance.

The chosen method required development of those syétem components
that were critical or produced most retwrn on investment. Survey
findings directed the choice of components. Results of the development,
using the selected methods and tools of design, is presented at Chapter

v.



Phase Four: Testing of Proposed System

The development method c;lled for specification of system goals
and requirements. Formal a priori definition of goal attributes,
included measures and scales of performance. The proposed system was
tested against these goals.

Overall feasibility of the system could be tested in this way.
More detalled development and deeper testing was considered necessary
for critical components of the system. Consequently, detailed
definitions and a prototype were developed for these components. This
greatly improved confidence in accuracy of test and validation results.
Discussion of this deeper development occurs at appendices referenced by
Chapter V.

Past ADF exercises provided quantitative data needed to define and
verify the logical design and prototype produced. This allowed the
system to be developed based on varicus realistic airlift scenarios and
levels of resource commitment.

The system was tested using a large scale exercise. This tested
all compeonents of the system and placed a heavy load on the prototype,
both useful to testing. A small scale exercise was applied to the
system to provide some test of feasibility with a different scenario.
This allowed design limitations, resultant from the application of one
exercise and scenario, to be removed before evaluation.

Phase Five: Demonstration of Planning Capability Variation

Having developed the system to a testable stage, the sponsor was
invited to participate in validation. As well as introducing
independence into testing, this allowed input from the sponsor to other

stages of the research.




Before departing Australia, the sponsor was invited to define the
criteria by which the feasibility and potential advantage of the system
would be judged. Aadditionally, he was invited to bring extracts from an
airlift exercise or operation. This approach improved quality of
validation by evaluating correctness of systems goals and measurements
and reducing bias caused through author choice of test bed.

Present. system performance during the extract period had been
recorded. Performance measures included timings and shortcomings. The
sponsor would then attempt to apply the same extracts to the proposed
systen.

The overall system design was first presented to the sponsor. For
each event sequence, capabilities of the system and the improvements
offered were discussed. After discussion of all event sequences, the
sponsor provided additional comments, including improvements where
required. The sponsor's evaluation of the system's feasibility and
potential formed the basis for the Chapter VI discussion.

Next, the critical components were considered in more detail. The
alm was to extract more quantiriable measures of improvement in the
essential and primary components of the system. The prototype was
loaded to represent the airlift state prior to each time sequence, The
sponsor was then presented with the log and other scenario data
pertinent to the sequence and requested to action the log using the
prototype.

Using the sponsor to perform the test allowed other issues, such
as user friendliness, to be adequately tested. Times to perform
transactions were measured and sponsor reaction recorded. This

continued for each sequence that addressed the prime components.
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After testing, sponsor opinion was extracted through unstructured
interview. Quantitative results were tallied and averaged. Where time
savings had occurred, the potential saving during a complete operation
was deduced through extrapolation. This data formed the quantitative
support for the Chapter VI evaluation of the prototype.

Phase Six: Implementaticn Issues

As previously discussed, implementation issues were not addressed
in the main part of the research. Consequently, claims were noct
validated. However, this choice ocbliged the author to refrain from
making specific claims concerning implementation in the Chapter VI
discussion.

Literature, recommended by AFIT staff, provided information on
implementation issues. Discussion of issues peculiar to the potential
implementation site, the RAAF, was based on perceptions of the author
and ADF personnel. ADF persomnel opinions were gleaned through personal
and telephone interview and a survey question.

Phase Seven: Conclusions and Recommendations

In the final phase of the study, conclusions were drawn and .
recommendations made on implementation of a MIS to support strategic

airlift planning.

Information Gathering

Information was sourced in three ways; review of literature,
solicited views of experienced people and extraction of data from past
ADF airlift operations.

Literature reviewed included pure and applied research, works

defining doctrine, and operating guides, manuals, and regulations.
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DTIC, managed by the Defense lLogistics Agency, provided previous United
States military research and doctrinal studies. ADF airlift planning
staff, AFIT staff and the DIALOG sourced additional literature
concerning computer aided airlift planning systems, the automation of
routing and scheduling problems and development of computer based
systems. DIAIOG, a retrieval service available to the public, searches
the Compendex Plus data base which contains extracts of jourmals,
pericdicals, newspapers and newsletters.

ADF literature was sourced from the author's professional military
and specialist knowledge and that of RAAF officers responsible for
airlift planning policy. Manuals and additional systems literature for
other countries' systems were located after advice from perscnnel
responsible for control or application of these systems.

Solicited views of experienced people provided information about
the factors affecting airiift planning, the measurement of planning
effort, and procedures for planning. Senior officers, managers and non-
commissioned staff responsible for planning effort, performance of
present systems and the implementation, distribution and achievement of
airlift plans -were targeted.

Additionally, aircrew who flew airlift tasking, ADF liaison staff
representing the force lifted, and other specialist military staff with
recent exposure to airlift planning and implementation efforts, provided
informatioﬁ.

Because of distance, personal interviews of ADF personnel were not
possible. Consequently, views were obtained through a combination of

telephone interviews and written surveys. Personal correspondence was

3-11

D% VRPN



sought from the sponsor and other key individuals. Telephone interviews
used an unstructured and opinion seeking approach.

Survey of ADF Personnel

Surveys were tailored to the speciality skills, experience and
present duties of respondents. The full survey instrument was divided
into sections based on respondent employment category and exposure to
airlift. The full survey instrument is attached at Appendix B.

The survey instrument for each respondent was assembled by the
combination of applicable sections of the full survey, under cover of a
standardised introductory section. This introductory section provided
background to the survey, defined terms and solicited information
concerning respondent identification and experience.

Unfortunately, a long survey was required to address all issues in
sufficient detail. This was expected to affect the quality and number
of returns. Hdwever, altermatives of follow up surveys and personal
interviews were rejected because of impacts of time and distance.
Personalised and motivating correspondence covering the survey and
telephone contact were used to achieve respondent interest and a
reasonable rate of return.

Surveys sought both opinion and fact, using open ended and
multiple choice question formats. Nineteen open ended questions
gathered data and expressions of opinion. Forty six multiple choice
questions required respondents to rank support of answer options;
Expression of opinion was also available in the multiple choice
questions. Where respondents had access to airlift statistics, the

survey requested useful statistics.



Classic scientific analysis sampling methods were not used. Usual
research practice would seek a random selection of respondents, from the
population of all ADF personnel with exposure to airlift planning
effort, to reduce incidence of bias in the opinion gathering process.
However, while exposure to airlift activity is not uncommon among ADF
perscnnel, there are few with good exposure to airlift planning
activities, especially all levels of command and dealing with a variety
of scenarios. Those few are well known within a small force like the
ADF. So, information gathering targeted those few with exceptional
experience.

The survey instrument was tested locally and forwarded to the
sponsor for appraisal and acceptance. Twenty-eight surveys were
forwvarded to ADF personnel ranging from senior to non-commissioned.
officers. Sixteen responses were received, giving an acceptable
response rate approaching 60 percent. Some respondents commented on
shortcomings in the survey's design.

Data from Airlift Planning Activities

This research also required detailed quantitative data to assist
in design and testing. This data was sourced from previous ADF airlift
planning exercises. The choice of which airlift efforts would represent
the population of all ADF airlift had potential to introduce bias.

To minimise the incidence of bias in test data selection, the
sponsor was approached, at commencement of this research, to provide
exercise data that could be later used to test and evaluate any
proposal. Airlift planning data on two exercises was provided.

One exercise involved large scale and complex airlift planning of

military and civil resources. It was conducted in 1989 and was the
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largest airlift of the ADF since World War ITI. It was a rigorous test
of the ADF's airlift plamning capability as it included significant
deliberate and unexpected events which tested airlift planners,
including a major civil emergency requiring military airlift support to
the nation (Air Lift Group, 1989:3).

Data gave a before and after shot of the planning process. It
included the requirements or lift bill, the airlift initial plan and the
post exercise evaluation of the performance of airlift. Additionally,
time slices of the airlift plan at various stages of its development,
implementation and modification were available. An exercise log
provided a description of the planning environment. Exercise data was
captured on electronic and longhand medium.

The author and sponsor had been responsible for the airlift
planning for the exercise. Recognising that greater independence of
results would occur if testing used data of an exercise unknown to the
author and sponsor, attempts were made to locate data pertaining to
other exercises. However, deliberate efforts had been taken on the
larger exercise to record all events. This was not the case for other
exercises.

Other exercise records did not contain sufficient data to present
a complete description of an airlift planning operation. There were no
logs of activities, no planning work sheets or other documents that
provided complimentary data to the airlift planning process. While
testing the general capabilities, the independent exercise could not
reliably and exhaustively test the system.

For other exercises to be useful, indicative scenario and other

contributing factors would have to be injected into testing. Overall,
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this process had the potential of introducing more bias into testing
than it avoided. Additionally, data was only available in longhand
form, which would have extended time requirements of the testing phase.

Therefore, the larger exercise was chosen as the main test bed for
this research. The smaller exercise was used to develop the system and
test feasibility. To improve testing validity, the sponsor was
requested to specify which periods and activities of the exercise to
base validation upon. The author was not advised of this choice until
testing began. Though this introduced some overhead to load the
prototype to reflect the state needed, it provided independence.

For the larger exercise, the author had been responsible to the
sponsor for the detailed airlift activities of the exercise. As the
sponsor had been involved, at an executive level, he had good
recollection of those factors present during the exercise. Yet, as he
did not do the airlift planning, he was not éware of most detailed
airlift decisions made at the time. Additionally, having been part of
the airlift executive during the exercise, the sponsor was aware of the
requirements of executive management of an airlift planning MIS.

Using sponsor chosen extracts from the large exercise allowed the
author, as tester, to have good recollection of the activities being
reproduced without being involved in selection of the test period. Yet,
the tested, to whom the prototype was new, chose what activities to base
the test upon without being aQare of the detailed airlift planning
activities undertaken during the actual test periocd.

An additional advantage of this approach was that the sponsor was
free to define what activities were prime parts of the airlift planning

process. This improved the quality of validation.
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Summary

This chapter discussed the research methodology used in this study
by first looking at the specific aspects of the six phases of research.
General issues of data analysis and information sourcing followed.

The first phase investigated airlift planning in the RAAF, USAF
and CNDF. Theoretical and empirical studies of routing and scheduling
methods were also investigated. The next phase researched and developed
a methodology to develop a MIS. 1In phase three, a MIS was designed to
assist in RAAF airlift planning, though full development of the system
was not possible or required. 1In phase four, this system was tested
against current RAAF airlift planning processes by analysing the
perforrance of both with similar data and requirements. Phase five
continued testing by addressing the improvements claimed by the proposed
system. Secondary research was conducted into likely implementation
issu€s ir phase six. Recommendations ard conclusions comprise phase

seven of this study.
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IV. Airlift Planni

Overview

This chapter investigates the airlift planning process.
Investigative questions concerning the planning function, its
measurement and automated support, and approaches of various military
forces are addressed. The chapter aims to guide later proposal of a
RAAF airlift planning MIS by defining the planning envirormment and
gauging the effectiveness of computer based airlift planning systems.

The chapter starts with a discussion of airlift planning concepts
by looking at planning activities and mapping them to overall operation
milestones. Theoretical and automation issues are then discussed.

The RAAF airlift system is analysed in detail. Factors of good
planmning and their measurement are discussed as well as deficiencies in
the present approach. An overview of airlift planning approaches
employed by the USAF and CNDF follows. Any use of automation in
planning is discizssed, as well as similarities in approach, different

performance measures and similarities between systems.

Airlift Planning Concepts

Cost minimisation is the primary objective of most distribution
problems (Bodin et al., 1983:79). However, in military airlift
operations, cost cannot be the primary consideration because survival is
at stake (Department of the Air Force, 1985:3~2). “Any military weapon
system must be effective first with notions of efficiency and economy

being subordinate" (Mitchell, 1991). Still, efficiency is important to



the extent that it contributes to combat effectiveness (Department of
the Air Force, 1985:3-2).

The aim of all airlift planning is to put the right force in the
right place at the decisive time (Cassidy, 1986:114). Given a feasible
airlift scenario, there is an available optimal solution or solutiocns.
However, time between decisions and imperfect information restrict the
planner from finding it with certainty. Airlift planning involves best
using availakble time and information to make sound decisions.

The mix and order of cobjectives for an airlift planner depend upon
an cperation's environment. As operations are dynamic, reacting to
changes in national requirements, airlift objectives can change during
planning. Consequently, operations are rarely the same and seldom does
actual airlift match that initially planned (Cochard and Yost,
1985:54,55) .

Four broad activities comprise airlift planning:

1. investigation,

2.  detailed static planning,

3. implementation and dynamic management, and

4. performance monitoring and review (Thyer, 1991; Mitchell, 1991;

Peak, 199la:4 July).

Investigation

Investigation first groups and evaluates resources and
requirements. This occurs after operation concepts and expected
resource allocations have been defined by higher command as depicted in
Figure 4-1. Capability data is gathered on aircraft and airfields, as
is characteristics of likely payload. Resource allocations are also

examined. These activities seek to gather data for later application in
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detailed planning and to eliminate options that are cbviously infeasible
because of requirement or resource limitations.

With better definition of requirements and resources, pre-planning
can commence. This involves deriving strategies for the application of
airlift, determining users' requirements and broadly matching resources
to meet their requirements (Thyer, 1991). The likelihood of
requirements being met within resource allocations is evaluated.
Additionally, aircraft types, airfields and routes which will require
close management are identified.

At this infant stage of an operation, the enviromment is rarely
stable and requirements and allocations may not be defined to sufficient
detail. Consequently, there is little motivation to plan in great
detail and exhaustively test feasibility of ideas (Peak, 1991a:4 July).

Investigation activities aim to derive an airlift concept that is
acceptable to the force commander and is based on soﬁnd principles of
movement management. Force commanders often must compress the time
available for concept planning as little other operations planning is
possible until a concept of movement is defined. Despite limits on
information and time, investigative activities remain vital, providing
resource and requirement data for later use and laying a strategic base
for subsequent planning activities.

A class of airlift planner exists solely in this phase. Called
the "deliberate planner" by the USAF,Athis type of planner is
responsible for assessment of broad capability and development of
concept plans (Peterson, 1991). While the traditional planner has
operation "womb to tomb" commitments, the deliberate planner is

concerned with proofing strategies and concepts and not with later
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implementation. He seeks ways to quickly, though accurately, make
assessments of airlift capability. For the deliberate planner,
investigation results in a statement of maximm and expected flow that
is likely from a mix of resources and requirements.

Detailed Static Planning

Upon acceptance by a force commander of an airlift concept,
planners, other than the deliberate tvpe, must commence detailed
allocation of requirements to aircraft and the scheduling of aircraft
flow. Detailed static planning involves moving from a concept of
airlift to a detailed plan for application of airlift.

The core product of detailed static planning is a schedule of
flights that meets all requirements and does not exceed resource
allocations. The term static applies because it is performed after firmm
allocation of 1lift resources and requirements, but before the dynamic
influence of airlift that is under way.

Payload Allocation to Lift Type

During payload allocation, total aircraft load requirements are
calculated by aircraft types, routes and time windows. An aircraft load
assessment prepares for later aircraft scheduling activities. It
involves aspects of space estimation and effective assigrment.

Planners seek ways to quickly deduce total load requirements by
applying heuristic methods to convert requirements in loads. As
illustrated by Figure 4-2, more time is available compared to earlier
planning, though more detail is needed.

Payload allocation should not be confused with individual task

loading and pre-planning which occur during the airlift. At that
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stage, aircraft are tasked and loads finalised and available for
inspection. Detailed loads are planned for each leg of a mission.

Conversely, at the payload allocation stage, only concepts of
airlift are available. ILoads are ill-def.ined and not assembled. Time
constraints and lack of information limit allocation to numbers of loads
and not composition of each load.

Lift requirements can be expressed in different units. For large
forces or those that move regularly by air, requirements can already be
defined in aircraft loads. Obviously, this approach best suits planning
by avoiding load estimation. However, difficulties arise where aircraft
of different characteristics are available or the lift customer is not
reqularly deployed by air.

Mcre commonly, especially for smaller forces, lift requirements
are defined by cubic volume, tonnage or both. These measures are easier
to derive but cause inaccuracies for planners.

An aircraft has both volume and weight maximums. Because only
total velume and weight, and hence average density, are available,
estimation of sub-load densitie; to derive approximate aircraft space is
required. Use of different density estimates for classes of cargo
improve the accuracy of predictions.

Aircraft of different characteristics are often available to
service tasks, though the type of payload may limit choice of aircraft
type. If payload can be carried by more than one type of aircraft, éome
analysis is required to deduce preferred type.

Routing and Scheduling of Airlift
With aircraft loads identified, the next task is to introduce

aircraft to fly missions that lift identified loads. Missions must meld




into an effective and efficient flow. The flow should seek to maximise
payload carried, relative to payload priority, and yet allow opportunity
for rapid change in response to scenario or resource disposition
changes. The aim is to devise a flow of aircraft that is balanced and
approaches maximum aircraft utilisation and payload carried.

While a deliberate or theoretical planner seeks to gauge the
maximum capability of a resource allocation, the operations planner
seeks to devise a flow that offers flexibility. Flexibility is usually
gained by retaining excess capability within the flow.

Excess capability, or slack in airlift flow, allows quick solution
to unexpected problems with least disruption. Yet, this safety slack is
a scurce of inefficiency. If there is excess capability in a flow, then
capability of a particular resource allocation has not been maximised.

Output of static planning is highly detailed. Planners must be
confident that over-commitiment of resources 1s avoided and crew and
airfield restrictions are observed. Mission tasking for each aircraft
within the schedule must be provided, as well as specifics of payload
and infrastructure requirements.

Implementation and Dynamic Planning

Upon approval of an airlift flow and commencement of operations,
missions are tasked and aircraft start to fly. Airlift planning now
moves from the static enviromment to the dynamic.

Many argue that this activity is not part of the pianning
function. In a survey of ADF personnel, a gquestion targeting whether
implementation forms part of the total planning function produced a 50
percent agreement. Yet, all respondents suggested that airlift

activities were iterative and dependent.




Certainly, actual flying and loading of aircraft and even tasking
of crews are not planning activities. Yet, the iterative nature of
airlift activities means that control systems must be able to swing
quickly from one phase to another. This is most evident during
implementation of airlift.

Every time a significant change is required during the airlift,
some revaluation of options and cbjectives must occur to derive the
preferred course of action. Consequently, airlift control moves
constantly between implementation and planning during flying activities
(Mitchell, 1991).

A major lesson learned by MAC during Operation Desert Storm/Shield
was the need to have systems that bridge the gap between planning and
viable execution (Peterson, 1991). Compared to exercises, the chaos of
real operations restricts time to plan and implement changes to a flow
from days to hours, while increasing the scope of likely changes (Babb,
1991:15-16). "The requirements for airlift have almost always been
greater than expected at the beginning of the conflict, and the variety
of nissions performed by airlift increased measurably as the conflict
developed" (Cassidy, 1986:124)

The airlifg planner has the responsibility of committing airlift
in the most effective and efficient way to achieve the force commander's
requirements. This responsibility ends when airlift has either achieved
or failed to achieve requirements. Therefore, as factors change during
implementation of lift, previous planning phases must be revisited to
devise reaction.

Planning during implementation involves similar activities to

those of the static planning phase. However, changes in the environment
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demand different operating approaches. The enviromment has now moved
from the somewhat static pre-commitment phase, to the dynamic phase.
Aircraft break down, crews get sick and loading equipment fails.
Planning, therefore, adopts more line responsibilities, attacking
problems that are developing in the flow.

New requirements are presented and resource allocations change in
response to larger scenario developments. The flow must be changed to
achieve new priorities. But now the flow is no longer just a plan.
Aircraft are flying, crews are comuitted and payload is on-board.

Any re-routing and scheduling of airlift is govermed by a defined
start state which is the actual disposition of aircraft, crews, loads,
and support facilities. Often there is also a defined after state the
flow must return to, so as to meet original priorities.

Review

Airlift culminates with achievement of an cbjective, within
imposed constraints. For large scale airlift, some analysis may be
required to determine if objectives are achieved and constraints
cbserved.

Additionally, some feedback mechanism is required to evaluate
planning decisions made against outcomes. This is most relevant in
airlift exercises which aim to better prepare a force through
application, be it actual or noticnal. Decisions taken by the planner
are reviewed for soundness of decision approach and accuracy of data.

Review is not performed exclusively after flying has ceased. Only
through measurement and feedback during airlift can it be gauged whether
airlift is moving towards achievement of objectives at planned rates and

if resource availability is as expected.
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Executives demand timely advice of actual performance during
implementation. Feedback during implementation, of actual performance
versus expected performance, allows airlift to be managed towards
changing goals in lieu of being set on a course towards expected

outcomes.

Theoretical and Automation Issues

No facet of airlift planning is "too difficult" to automate.
However, the wide influence of an operation's environment on airlift
planning has frustrated attempts to apply automated systems to airlift.

Fully automated systems, such as expert systems, depend on a
knowledge base of rules (Cook and Russell, 1989:720). Their
construction usually requires rigorous definition of factors, options
and benefits. The effort to collect and define data concerning the vast
array of potential factors that affect complex planning environments is
large. Additionally, constraints may be too nebulous and hard to define
(Bodin et al., 1983:132). By the time data on all possible factors has
been collected and constraints defined, the benefit;s of speed and
accuracy normally associated with automation are seriously undermined
(Bodin et al., 1983:132).

User acceptance of computer generated solutions is most impeded by
a feeling of the user's loss of control over the underlying physical
system (Bodin et al., 1983:182). By including man-machine interaction
in computer systems, better solutions aré being obtained and, more
importantly, wider user acceptance is gained (Cochard and Yost, 1985:56-

57; Bodin et al., 1983:182).
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Interactive systems have great potential application to airlift
planning. Users can apply intuition or knowledge to break the total
airlift problem into sub-problems. Sub-problems can then defined
rigorously and solution approaches directed. With problems bounded and
solution approaches defined, quick and accurate solutions are available
through automation (Cochard and Yost, 1985:57).

Estimation of loads

The loading of aircraft is well researched and is a form of the
load optimisation, knapsack and greedy problems (Horowitz and Sahni,
1990:51-64) . Noteworthy works of theory addressing aircraft loading
include those of Eilon and Christofides (Eilon and Christofides, 1971)
and Huebner (Huebner, 1982). Unfortunately, much of the literature on
the load problem is too theoretical or does not treat many real-life
constraints (Cochard and Yost, 1985:56).

Automated systems for load planning have difficulties in
reconciling the flexibility of movement priorities into formulations.
Reasonable solutions are hard to generate given the lack of information
available at early stages of planning. ‘ Most successful systems rely
upon interactive systems to overcome these difficulties (Cochard and
Yost, 1985:56).

Assigqnment of Ioads to Type

Assignment of payload to aircraft type is often done manually ’
based on intuition and experience. Automated assigrnment is based on a -
heuristic of using the vehicle with the largest carrying capacity,
provided an economical amount of carrying capacity is used. This
heuristic assumes that economies of scale ensure larger vehicles provide

cheaper per ton delivery costs (Bocdin et al., 1983:107-109).
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Ioad assignment to aircraft type is a generalisation of the
operations research transportation problem. Mathematically, this is not
a hard problem giving it useful practical potential, as discussed later
in this chapter. Automated methods to optimise assignment to vehicles
have undergone considerable research in the last thirty years. Several
techniques, including Charnes and Cooper's stepping-stone method and
Dantzig's modified distribution method, provide specialised solution
methods (Cook and Russell, 1989:202).

Scheduling of Aircraft

The scheduling of aircraft is also well researched, falling into
the routing and scheduling component of operations research. Routing
specifies the sequence of airfields that flights must visit, while the
schedule identifies the times at which the activities at these locations
must be carried out. The problem's structure allows application of set,
graph and network problem definition and solution approaches (Bodin et
al., 1983:77-78; Cook and Russell, 1989:219; Horowitz and Sahni,
1990:336,364-372).

Routing and scheduling problems are generalisations of the classic
travelling salesman problem, which Karp has proven to be mathematically
hard (Bodin et al., 1983:82). The airlift generalisation of the routing
and scheduling problem is called the pickup and delivery problem with
time windows. It is characterised by task precedence and time window
constraints (Solomon and Desrosiers, 1988:7-8).

Task precedence relationships force the pickup activity for a task
to precede the delivery activity and pickup and delivery to be by the
same aircraft. This last constraint simply means that loads cannot

change aircraft in flight or the problem cannct be divided into separate
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pickup and delivery problems with share depots. Airlift scheduling can
also involve sub-component problems, such as crewing (Bodin et al.,
1983:117-147; Sklar, 1990).

Routing and scheduling solution methods often divide a problem
into its spatial and temporal components. They then derive feasible
solutions to one component and apply them to the second. The aim is to
divide the problem into smaller more tractable pieces.

Even without time constraints, the routing cf aircraft is a hard
problem. Yet, at least a network that includes all tasks can be
constructed a priori. This means that routes are predefined and always
available. The difficulty lies in finding the optimal traversal of the
network.

With time windows, "the complete set of tasks that can feasibly
follow a given task cannot, in general, be specified beforehand since
the exact time of service for a given service cannct be specified in
advance" (Bodin et al., 1983:149). This means that in contrast to a
pure routing or spatial problem where a network remains static during
its transit, time and space considerations may cause a network to change
during its transit. For example, the route between two nodes may only
exist between 9.00 am and 10.00 am.

Not surprisingly, the routing and scheduling problem with time
windows has been proven to be at least as hard as the travelling
salesman problem (Bodin et al., 1983:149). In fact, even finding a
feasible solution to the problem has been proven hard (Solomon and

Desrosiers, 1988:4).
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Implications of Hard Problems
There are implications of a mathematically hard problem. Figure

4-3 charts problem complexity against computational time, though space
is equally applicable. Functions with less than exponential and
exponential relations between complexity and time are plotted.

As expected, time to solve a problem increases with problem
complexity for all functions. Yet, for functions with a less than
exponential relationship between complexity and time, the rate of
increase is bounded and remains somewhat reasonable. Mathematically,
these Zunctions represent rmethods that are not hard. Generally, a
solution can be generated for complex problems, though the time to
generate may become long. Importantly, there is no rapid degradation in
computational time for each step up in complexity (Horowitz and Sahni,
1990:37) .

For example, if the relationship between complexity and solution
time is linear, a problem twice as complex requires twice as much time
to generate a solution. This is true whether the original complexity is
n=2 or n=10. .

The exponential plot (2") of complexity against solution time
shows time to solve a problem also increases with complexity. Here, if
the original problem has complexity n=2, then a problem with twice the
complexity (r=4) will require quadruple the solution time of the
original (2%°=4 versus 2'=16). But if the original has complexity of
r=10, then twice as complex means n=20 and the solution timé is
multiplied by over a thousand (2'%=1 024 versus 22%=1 048 576).

For exponential functions the rate of increase is steep and

quickly approaches, though never reaches, infinity. Increases in
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) complexity beyond the lowest levels will result in very large increases
in solution time. A level of complexity is quickly reached where an
optimal solution will only be generated in time approaching infinity.
An exponential lower bound characterises a hard or intractable problem.
Methods with high polynomial degree or exponential relationships between
complexity and time are of limited practical utility (Horowitz and
Sahni, 1990:37-38).

Complexity is a general term applied to problem definition. For
routing and scheduling problems, complexity generally increases as the
number of airfields, aircraft or lcads increase or time windows reduce
(i.e. become tighter). Most aircraft flow problems for military
cperations are complex. Given the intrinsic difficulty of the problem
class, heuristic methods have become the focus of practical
investigation (Solomon and Desrosiers, 1983:6G).

Heuristic Approaches

The routing and scheduling problem with time windows involving
either pickup/drop only or full vehicle loads has been solved by
Desrosiers, et al. (Solanki and Busch, 1991:1). However, a
computatiocnally feasible technique for real-world broblem has not been
found (Hilliard et al., 1991:13). Instead, heuristic methods have been
applied.

Heuristics are "approximate methods to obtain near-optimal
solutions in lieu of seeking optimal solutions" (Bodin et al., 1983:76).
They are effective if they provide solutions consistently close to the
optimal solution while improving time to derive a solution.

Because heuristic methods consider a sub-set of possible

solutions they are prone to restricting their search to areas where
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feasibility, let alone optimising, is not possible. Consequently,
heuristics tend to be tailored to specific problem scenarios. Selection
of a heuristic method, given a problem environment, is seen as a
possible application for an expert system (Solomon and Desrosiers,
1988:9~10) .

Different heuristic approaches have been applied to routing and
scheduling problems. Some rely on simplifying route choice to bound
solution space, such as use of sequential or clustering approaches
(Sclomon and Desrosiers, 1988:9). Others attack sub-components of the
total problem that can be solved optimally and rely on sub-problem
improvements to make overall solutions attractive. Tour improvement is
another approach, which takes an initial feasible solution and attempts
to maintain feasibility, while moving towards better solutions
(Christofides, 1935:143-447).

To overcome limitations in heuristic performance caused by the
scenario, researchers are proposing solution approaches that apply more
than one heuristic to a problem and then choose the best result (Fisher
and Jackumar, 1981; Lawler et al., 1985:176-177).

Soft Constraints

Difficulties with complexity and definition of problem constraints
abound in practical aircraft routing and scheduling applications.
allied to these difficulties is the presence of hard and soft
constraints (Solomon and Desrosiers, 1988:1-2). Being based on rigorous
definition, mathematical approaches to airlift flow problems best suit
applications where all constraints are hard, meaning firm or discrete.

Examples of hard constraints include a 15 hour crew day, a maximm of
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five aircraft or a movement window defined to the day suit solution
approaches.

Yet, many constraints are soft or flexible in nature. Crew days
can often be extended if sufficient incentive exists. Movement windows
are often not discrete. Though it may appear that firm boundaries exist
between acceptable and unacceptable delivery periods, a sliding cost of
late or early delivery is usually the case. A force commander may
accept a late delivery if related advantages gained by such a decision
are sufficient.

Sclution methods attempt to recognise soft constraints by either
using many discrete constraints to model a continuous constraint or
through relaxation techniques. Relaxation techniques incorporate
continuous corstraints by recognising them as costs in the objective
function (Solomon and Desrosiers, 19388:1). The objective function is
"the equation used to measure the effectiveness of a proposed solution"
{Cook and Russell, 1989:12). By removing constraints, relaxation
techniques simplify the generation of feasible solutions. They then
incorporate opportunity cost coefficients in the objective function to
artificially apply the requirements of the constraint.

For example, a soft time window constraint for movement may exist.
Not applying this constraint allows many "feasible" solutions to be
generated. However, where movement occurs outside the window, a penalty
is applied by multiplying a constant by the time that falls outside the
window. This provides recognition of the continuous window constraint
and effectively eliminates options that excessively abuse the window

constraint.
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Dynamic Airflow Scheduling

Static and dynamic aircraft flow systems share many similarities.
However, the speed of airlift shortens reaction and decision cycle time,
thus suggesting the use of heuristic and rapid methods (Bodin et al.,
1983:177) .

In dynamic scheduling, objectives change from finding the best
solution to finding the best way to move from the present state to some
future state defined in the plan. Systems must be able to integrate the
present state and understand the desired future state. To do this there
must be definition of what can and cannot be changed and the cost of
change.

Academic study of dynamic routing in the dial-a~ride taxi
applications have considered costs to date as sunk and eliminate them
from the problem (Bodin et al., 1983:179). This converts the dynamic
problem to a static consideration with dispersed vehicles and customers.
Civil airline systems apply similar least cost and disruption heuristics

in reaction to schedule difficulties (Bodin et al., 1983:156).

Measurement of Airlift Planning Performance (Resources and Financial

Programs Division-RFPD, 1990:Chapter 6)

The development of performance indicators facilitates efficient

and effective management by idertifying areas that might require
corrective action or refinement, often because of changing external
conditions, or requiring further in~depth investigation (RFPD, 1990:6-
1). In so doing, it provides for ongoing scrutiny of approach and

achievement.
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Informaticn and feedback on performance that has been collected on
a regular and systematic basis can be useful and valuable to airlift
plamners for the following purposes:
1. Planning. It facilitates the choice of strategies to achieve
goals and identifies priorities and suggests changes in approach to
airlift planning.
2. Budgeting. Feedback helps justify bids for resources to executive
management and force commanders and allows development of targets,
milestones and standards as part of the planning system.
3. Implementation and monitoring. It monitors progress against
resource constraints, lift requirements and overall objectives and
guides appropriate corrective action in order to keep an airlift plan
"on track" for maximum achievement of results.
4. Evaluation. Performance review allows assessment of achievement
of particular airlift planning objectives, demonstrates the contribution
of airlift decisions to higher operation objectives and provides
information from which policy variations can be developed.

Seven indicator types are typically applied to measuring airlift

planning:

1. Output, which is the quantity of airlift service provided.

2. Responsiveness, being the elapsed time to execute airlift.

3. Productivity which is the workload per airlift resource.

4. Efficiency or cost per unit of performance.

5. Effectiveness which is the extent to which airlift reaches its

objectives. Also called outcome, effectiveness measures operational and
surge capability of airlift resources.

G. Cost-effectiveness which seeks the unit cost of effectiveness.
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7. Qualitative which provide judgemental assessments of product

quality concepts such as service standards.

ADF Airlift Planning (Peak, 1991a:5 July;Newcombe, 1991:28 July; Small,
1991: 28 July)

Both aircraft tasking and paylocad management for ADF operations is
performed by ALG, the transportation component of RAAF's Air Command.
For small scale and short tem operations, ALG provides all planning
staff, while for larger operations, staff are supplemented by RAAF full
time and reserve members. Different planning procedures and staff are
used for operations and normal peacetime airlift.

External agencies that interface with ALG include civil operators
of aircraft and airport facilities, higher headquarters and movement
control agencies (Peak, 1990a:6 March). Movement control agencies act
as intermediaries between the users of airlift and ALG (Department of
Defence, 1988b:12).

In its airlift planning role, components of ALG become external
customers to the airlift planning process. These.components include
flying and intermediate maintenance squadrons and air terminal agencies.
Alir terminal agencies are located at RAAF and civil airfields and
provide loading and other turnaround tasks for transiting ALG aircraft.

Separate staff are responsible for aircraft tasking and payload
management. They are co-located, but maintain separate files concerning
an operation and tasking folders for each mission. Though they share
data concerning allocation, scenarioc and tasking, each maintains
relevant documents on their own files (Small, 1991). This leads to
duplication but cannot be avoided as ready access to operation or

mission information is required by each (Newcombe, 1991:28 July).
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Each function maintains a general operation file. This file is
the repository for all correspondence of a non-specific nature
concerning the operation. Subordinate files maintain specialised
aspects, including planning and working data. Publications that provide
resource capability or requirements characteristics are kept by any
staff that require the information.

For historical record, all files are maintained for a reasonable
period. Tasking folders generated by each function are also stored,
although each component stores its files and folders separately
(Newcombe, 1991:28 July).

Eight discrete functions are performed. Firstly, operation
scenario, requirements and allocations are investigated, mostly by the
aircraft tasking section. Where airlift is proposed within the next two
months, current committed tasking over the period is determined from
flight folders and a board maintaining proposed tasking. If expected
airlift falls outside the twoc month period, little action is taken
unless a clash with another commitment is expected (Newcombe, 1991:28
July) .

When firm requirements data become available, load estimation,
flow scheduling and tasking can commence. For larger operations, the
section responsible for payload management estimates load requirements
and designs a flow that meets requirements effectively.

Different approaches are used for smaller operations. For these,
either section may perform lift requirement and flow design. The
reduced operation size allows more detailed analysis of load estimation
and aircraft flow. Additionally, outside organisations sometimes seek

responsibility for airlift planning in support of their exercises.
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Aircraft routing and flow control is performed manually. No
formal advice on methods of routing and scheduling exist, so techniques
applied vary between planners (Newcombe, 1991:28 July). On small
applications, an exhaustive search of options the planner considers
reasonable can be performed. For repetitive exercises, old flows become
the basis for proposed flows. For larger operations, intuitive and
heuristic methods are applied.

After review by the tasking section, either section may staff the
proposed flow to the cperation's mounting authority for concurrence. An
air mode instruction is generated based on the approved flow though its
format varies with planner preference. This instruction is passed to
movement control authorities for coordination with units.

Committed airlift for the operation is updated to the proposed
tasking board. Mission tasking is generated to meet the flow by the
aircraft tasking section. Hard copies of each resulting aircraft
tasking are directed to flying and maintenance squadrons and transited
terminals. Separate folders for each mission are maintained by the
aircraft tasking and payload management sections and each has a monthly
flights board.

For all operations, load changes must be managed and flying
squadrons and terminal units advised of actual payload details at least
the day before flights occur. Yet, payload management is also  performed
in different ways, depending on the size of the operation and
preferences of staff coordinating the operation. On larger operations,
some planners maintain payload assigrnment within flight folders while
others use a master air mode instruction to record assignment. Computer

maintenance of assigrnment has been used on some recent operations.
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For smaller operations, assignment is easier to manage.
Consequently, planners often incorporate load assigmment into mission
tasking documents or apply other approaches.

Inevitably, changes to planned airlift occur. Prior to flights
commencing, changes are managed by the planner responsible for original
actions. For example, the payload section would be responsible for all
changes if they had planned the airlift. c¢hanges to flight times and
routes are managed by the tasking section, as are aircraft rescues.

Information concerning actual performance both during and after
airlift is based on "a negative feedback process in the form of the
reporting by exception" (Mitchell, 1991) by flying squadrons and
terminal units. Performance is assumed to be as planned in the absence
of feedback (Mitchell, 1991).

Each day, flight folders for completed flights are removed and
status boards incremented. Flying squadrons adviée actual hours flown
for each operation on a monthly or an as requésted basis. Post-
operation reporting is usually performed, though hours flown and lift
met are not analysed against that planned. Most reporting addresses
negative feedback to mounting authority, customer and other agencies.
Besides digital assessment of achievement of requirement, no assessment
of performance or decision quality occurs.

Automation

ADF airlift planning is performed manually. A management
commissioned report in 1981 found that the manual approach to airlift
planning suffered problems with communications and information
management and évailability. A computer based system was proposed to

improve efficiency in the use of manpower, eliminate most opportunities
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for lost information and improve coordination and control of operations.
However, most recommendations of this report were not implemented.

Since an exercise in 1989, airlift plans have been able to be
stored electronically. However, decision making continues without
camputer support and data is often stored manually.

Frequency and Size of ADF Airlift Operations

Apperdix D provides statistics of frequency and size of ADF
airlift operations. Results are based on actual data from the last four
years and opinions of ADF staff.

Measurement of Planning Performance

Questions in a survey of ADF airlift planning personnel targeted
those factors that influenced airlift planning approach and the metrics
that could measure planning performance. Appendix C provides those
results.

Eighteen potential factors were'identified to respondents, who

were encouraged to add others. Factors considered were:

1. overall effectiveness of airlift in meeting the aims of the
customer,

2. productivity or maximising payload lifted,

3. economy or committing resources in the most effective way,

4. efficiency or the highest ratic of productivity to costs,

w

simplicity of plan and tasking,

6. training value to the airlift system,

7. fluidity or smoothness of 1lift,

3. cohesion or unity of lift,

9. flexibility or ability to absorb later changes,

10. certainty of meeting lift requirements,
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11. accountability for decisions made,

12. control or ability to quickly influence the flow,

13. sensitivity to alternative strategies,

14. format that allows quick develcpment,

15. speed of plan development and distributicn,

16. security of airlift resources,

17. security of payload, and

18. concentration of airlift effort for maximum efficiency.

Generally, planners identified overall effectiveness as the
principal factor of airlift planning. Though few could suggest good
measures of overall effectiveness, most thought it could be measured
beforehand.

Pressed for more defined factors, most planners suggested that
more than one factor influenced planning. Ordering of these factors was
considered either insignificant or dependent upén operation scenario and
all suggested. different ordering. Interestingly, usually conflicting
factors of economy and flexibility ranked after overall effectiveness as
principal factors.

Deficiencies in the Present System

Deficiencies in ADF airlift planning occur in six areas:

1. lack of data control, including risk of loss, lack of integrity,

restricted access, inflexibility of format and inaccuracy:

2. repetition of structured tasks;
3. lack of consistency in planning approach;
4. long learning curve for new planners;

5. distribution delays and problems; and

G. lack of feedback.
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Data Control

Much data is maintained in longhand form. It is held loosely by
actioning staff or placed on one of four types of file. Given the
amount of paper denerated in operations management, it is not surprising
that some data is lost or misplaced. In times of exercise or aid to the
community, this may lead to political embarrassment. In war, loss of
tasking or requirements data may lead to death (Management Advisory
Services Branch-MASB, 1981:12).

Data often needs to be accessed by more than one person. This is
achieved either by speedy passing of files containing original copies of
data cr by maintenance of numerous copies of documents. Passing of
files introduces problems with lost files and delays in advise of
changes to interested parties. Many distributed copies of the same
document poses problems with update and currency due to difficulties in
finding and accessing all copies of documents.

Longhand format is inflexible as it does not support free
formating of data (MASB, 1951:8). This increases the time to extract
information value from data introducing overhead in presentation of data
by summary, combination and linking. Inaccuracies also occur through
errors of transposition and transcription when data is ported from one

document to ancther (Small, 1991; MASB, 1981:7-10).

Inflexibility of format has greatest impact on sharing of
information between levels of management and movement of information
between planning activities. No way exists to quickly transpose
information from a strategic or conceptual level state to a state

suitable for continued detailed planning.
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Additionally, there is no ready way to summarise airlift state.
This inhibits movement from detailed planning back to strategic planning
in response to major changes in scenario. It also delays and frustrates
sharing of information between levels of management, often leading to
inconsistencies or absence of timely reporting.

In all, maintaining data in longhand form increases time to locate
and present information while reducing its accuracy. Decision cycle
time is extended and decisions are less likely to be timely. Where
strict time limits to make decisions are imposed, they are based on less
information, even though source data is available (MASB, 1981:7).

Repetitive Structured Tasks

The absence of automation means that all tasks are performed
manually. As airlift planmning involves many repetitive and highly
structured tasks, human resources are used inefficiently (HOMAC, 1987:6-
1). Skilled staff become involved in unskilled tasks and must sacrifice
time available for decision making to perform these structured tasks
(MASB, 1981:18). For example, aircraft tasking requires check digit
calculations on timings to reduce transcription error.- For a large
exercise, check digits may be manually calculated up to 1 000 times.
This is a sirple task that consumes time. Further, an inaccurate
calculation causes return of tasking advice for correction, increasing
the decision advice turnaround. Similar situations abound with data
such as unit names, mission numbers and connecting movement detail.

Given that time is critical, especially when airlift is under way,
time available for decision making should not be reduced by structured

but necessary tasks.
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Lack of Consistency in Planning Approach

Clearly, no formal system for planning airlift for operations
exists. Different approaches are used based on operation size, type of
custamer, processing section and staff invelved. All approaches differ
from those used for normal peacetime planning.

This causes confusion when planning responsibility moves between
staff and introduces unnecessary delays in processing. Delays and
nisunderstanding are extreme when plannirg responsibility must be handed
from one planner to ancther at short notice. Additionally, external
agencies are not presented with a consistent approach from ALG, causing
delays and misunderstandings.

Long Iearning Curve for New Planners

Given that no formal system for airlift planning exists that new
planners can learn and the absence of critical reviews of previous
planning decisions and approaches, each new planner experiences a long
learning curve before becoming capable of planning effectively. The
need to learn structured tasks before moving to unstructured tasks
further extends the learning period.

Further, as the plamner is largely on his own during this learning
phase, new approaches to planning are likely to be found by each new
planner.

Distribution Delays and Problems

During actual airlift, changes to the air mode instruction must be
quickly generated and distributed if it is to be effective.
Unfortunately, transmission time is usually measured in days, while

their impact is often in hours. Late arrival of updates not only make
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them of little use but can lead to confusion and frustration for
external agencies.

As different approaches are used in formatting and distributing
air mode instructions, there is no standardisation concerning receipt
confirmation and copy or issue number management. External agencies are
unsure of instruction accuracy and are confused when different versions
of the air mode instruction conflict. Additionally, no secure means
exists for delivering changes in time and in a form immediately useful
to external agencies.

Lack of Feedback

With exception of negative feedback, no reporting of actual
performance occurs. Planners must assume actual airlift exactly matches
that planned, even though this is not usually the case.

Firstly, this impacts on the accuracy and guality of advice to all
levels of management and ultimately the force commander. Secondlf;
planning data used by planners becomes dated and inaccurate as better
actual 1lift data becomes available. This is most relevant where
planners must redeploy a force based on planned deployment data, when
actual deployment data is available but not accessible. lastly, there
ié no analysis of planned versus actual performance to gauge where

processing can be improved or better decisions taken.

United States Military Ajirlift Planning
MAC is a major USAF command and a component of the United States

Transportation Command (USTRANSCOM). It is the principal agency for
providing airlift for the United States Military Forces (Hilliard 